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(57) Abstract: 

PURPOSE: An apparatus and a method for 
coding/decoding of STTD{Space Time block coding 
based Transmit Diversity) in OFDM(Orthogonal 
Frequency Division Multiplexing) mobile 
communication system are provided to improve 
performance without increasing the complexity. 
CONSTITUTION: A replica generator(31 4) inputs an 
OFDM symbol and generates a replica of the OFDM 
symbol by rotating the OFDM symbol by a circulative 
rotation amount decided with the first number of 
sub-carrier and the second number of multi- 
channels. Afterward, the replica generator(31 4) generates a replica of the OFDM symbol by rotating the 
OFDM symbol by a circulative rotation amount fed back from a receiver. A space-time block code coder 
(316) codes the OFDM symbol and the replica of the OFDM symbol by a space-time block code and 
outputs the coded OFDM symbols to be transmitted through two different antennas. 
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2).- 4^3). Ajtgs. zi-z^-o] ^112711^31 cf^ sH-gJ^- ^o-fl ^d^i^fe, ^^^^^^^ «o'-^ 

i^l^s}- ^^M-S: ^J^*l-:n., ^1-71 ^121 ^31-^ ^fi- c>f^s)- ^c)--/l ^fll7H^2f ^127H^1- 7Ml:ii 1^=8 

^^vsi^i^ofl slsD 3l^Ai5^ ^A}^- mi ^u)-^ ^tl- uf-f^s)- ^-ft-g- A|A^si.fe 4:^0!)., >y-7l Cj- 

-^s}- A]^jii- ^AV-g. ^5).^ ^-sh c>-^s^ Aj^^ Ai-^^v o|sfl «.^s}-e>:a. •^•■71 Ai:g.^v Jf 

XS^^l Al^^ ?|z^ol A^V7| A-]S. Ul-S- ^ 7H2] obEfluH-* f,^■s\^ xfxj^ SfJ-ffcf. 
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•tJ .''11^-1 

£. 2fe- f-a-^^l ^M^-si}^-^^t^^^ 'i>-ii-i- Ai-^*!-^ ol#f->a^l^-^3s^ £Ait!- 

SI S-S- "^y^^ --^^l ^1^1 xliia^yf^.g-Sl-cft-Sl "^^3] ol^.f-AlA).^6fl2^ ^Al7| ^££1- lio|jL 

4fe- ^ ^^^1^ <^loll 1441. z]^^3}^^^t}^s]- 'a-<ij2l ol.§-^Al Ali^Ejo^ ^A]7] ^-^1- iLolal £'3. 

£ 7* ^ ^A] 6\]o\] 45 ^-Ai7lo)iA-i --^sjsi-fe ^]c>] j:^^ ^61:0. 

5=. 8^ ^ ^'^^ -^^1 <^]^] 'T=<d7l*l]>«-1 4^s|£lfe iL«^lZL Sife H^. 

£ 9-cr -1^ ^^^S] 41 A] .iiloil 45 0 Hi^^ ^ Vl-^sl-^l cut!: ^ '^.l:*3)-S-7j-£^ ^cJ-^^^-fr Sife 

51 lO-a- ^ ^"^^ =^1^1 il":!! tfolal^lEll- ^ Sl^ ^^>-S-fi] Sife SI'S. 

S. 11^ tcl-* N R 7112^ T=^-tl<?]-EflM-^l Cfl^ -^JC^a- ^«JS>fe- =T-^7] iAlfl- 

S. 13^ ^ -i^'^sl ^i^] ^-iiP- ^-31-^- cv^s}- 'iVA^o) o]^. f-Ai Ai^iEflai #A)7ioi)Ai ajj^-aj^ aj-j^ 

^V£<H1 -4-^ Sl^i^-i- Jislsfo^ ^-s^*l-fe ;Hl<Hs«-i- SAltb £.-3. 

i£ 14fe ^- ^'■^Sl >^A) cifloii 45 0. 52. 204 ^l^^l ^ aV^iiHl -r- ^^sHrTlsJ Aj-2i.Aj.s. 1^0)37 01^ T£,g. 

.TV 0—1 —1 "1 



^liio] -if i;]..'^ 71 f Si .-I -Sl--^^^! 'f-i.'fl7lir 

-& ^ jTl^^T^^^^'^'i^s+COFDM : Orthogonal Frequency Division Multiplexing) ""^^S: ^}^^}^ ^l-f-l- 

AlAl^EfloflAi -Y-SlS^/^JlSl- ^ "o'-'^^l ^l^-S., ^6-1 A]:g-^V ^-^ cfolHjAlE] aj-^-^^ 

a)e ¥^ ^D-i-^ll^i i^-cflolE^ -Pr-§-*j- «c!-^^S. a|..§.£]ji ^1^^ z\r,L-^3^^ « § 4^Sl-(0FDM: Orthog 

onal Frequency Division Multiplexing, o] §> 'OFDM'olel- ^-S}7]S. ^Vtij-) «o^A'^ -Stt^ ^4"^2l-(Multi-Carrier)-l- 
-§-S->c^ tllolH^*- ?i^Sf-ir "J-AijO.S.A^, ^^i^ °J^iq^ 4] (Symbol) 1* tgl-g^sM °1 -& Z]"^-!- ^chSl ^JP.^^^ 
^fe -^-^^^sfCSub-Carrier, Sub-ChanneD.S. i^ai-s-l-o^ ^^^^-Vfe- ^2(MCM : Multi Carrier M 

odulation) "oi-^e) ll-f-^lcf. 

olffi). cf^ uV^Tzi. hN££ ty-Ai.|. ^^-sl-^ 1950VicH ^tiV 3-§- HF radiooll ^^s]^^o_v^. x:]-^s] 

mit}^ OFDM «eP^-ar 1970'dcfl^Ei "k^^isl-?) a] <<^5l-oj 0.4, 4^ H}:^3il-?]:2] ^Ja^^s] 

^^ol ij+o]^ §-5^]S35i7l ^^Hl A].>:^ ^^oil ^7ll7V Si^ii^. ^e^M- IGTlid Weinstein ^'■71 OFDM 
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MJ-A]^ >>>-S-Sl-Tr ^-^r^i-tr DFT(Discrete Fourier Transform)* oj-g-^j-o^ JL^^^S. -^]e]7} 7>^^^ Iha^V'^'H 
OFDM cHt!- 7|#7Hii-ol -2-^*1 ^v>5l5gcf. a.:£^^V(guard interval)-!: -^l-g-^l- cyclic prefix 

Aj-oj n^^o] <ts1^-l'a^-| ^^-^S. ^ ^|<^ sh-LHdelay spread)°l| cfl^ Aj^E^o^ ^7^^ <^^^ c-]^ ^i-dtA) Tfl 
cl-. ::ie1lAl. ^ja^-s).^ tg-Ai 71^0. ^cl^ «J-4^(Digital Audio Broadcasting: DAB)^!- cq^) 

^ ^eflul^a, ^'A^ -f-^d^oHWireless Local Area Network: WLAN) :J.^\JL ^]^-7] a.:B(Wireless 
Asynchronous Transfer Mode: WATM) -^-fi- IL^^ ^^H^ ■T-<d ^^(fixed BWA) f-s] cl;^|^ ^j-^ol) 

31^. ^, «-l-H*Jlo1^ol 4%'-i^(Complexity)5. 9\i\<^ ^j-^sl^l ^^t\y\ 31^ Ji# ^elofl 
^^(FFT: Fast Fourier Transform, '=>\^\ 'FF'T'el- ^^^\A^- ^ :n.# ^sl<^l "^^(IFFT: Inverse Fast Four 

ier Transform, 'IFFT'e]- ^^)% -^A% -tl^ ^-le] ^l^o] i^vx^-^v o.^^^ 7l-^«fl 

^'■•^l OFDM #efls^ ^jil-^^ cV^CFDM: Frequency Division Multiplexing) Hj■<^m ti1**>M- 

cj-^- i;l-n=.7fl5L| ^ia^^(Orthogonality)# -fr-^l^l-o^ ?i^?}-J^S.^1 cflo]Ei ^i^A] ^7?^c^ 

* ^ HifV Al-§- jL-gro) cff^ 7^^. ffllol 'a (multi-path fading)-:-!] ^J-fV ^a^o] 

51«H ^I'S^^l aj^s^s] ^1=^ Jr## ^^4^ 51^1-^^ s.^^^ 7l-^i4. ^fV. ^3].=- ^sjE^^ f'^^H ^l-§- 

^A"^ A|.^ol atr^^^^l-ji. ^31-=^^ -fi^-l^ 3iloit^(fi-equency selective fading)°l] ^^i\3L, i^^^S. aflol^^ofl 
7^^\3L. Jis:-T^:il-i: o|-§-s|-oi -y^.^:!- ?}-^^(ISl: Inter Symbol Interference) <^J*3=-i- #<y. =^ SI^H, sl-S.$4H ^ 
•i- 21-71 ^S-ft ?J-^-*F»l -"4^11*^^ 5Jc>l ^t-^«l-':»1. <y^^(impulse)>a ^J-S-<Hl ^j-^J-cffe •Aj-;g^ 7l-v',Iji <jX6\^\ ^aIa] 

Z7.S^<?i o:l7lA-l, ^V7l QFDM "^^^^ ^\%-*\^ ©l ^-§-^1 ^1 ^3 ^^7\SSf ^^7\^ ?]-§fS:l-7fl #1^^.^ t\%- 

^^•71 OFDM ^^^^ ^^A'^*^^ cllo|E^ie ^H^-i-Ei (scrambler), -¥-^^71 (coder), ?lE^ eltH(interleaver)» 

7-1^^1 K^^i^.^. '^'Ittll, ^o^^l cf°ot*v 7fw) ^dt-l-i- x-11^*>.>ll 3i]-fecii, %7\ 6]loiEl ^i4^1-(data 

rate)°ll ccl-e^-Ai 2^7] cf^ -^SlSl-^Ccoding rate), ^^ielaj a7l ^ -a^l^-^'* ?J-:^1 ^i-7l 
7l-& 1/2. 3/4 -f-Sl -^SLSl-^^ ^l-§-«-l-^. 5.#(burst error)* "2^-71 olE^lelttlSl 37]fe- OFDM ^^"^ ^ 
^-.M ^(NCBPS)-^l ttfs^- ^^j^cf. •'6^71 1^ 3: cllolE^ ^i^-f-^l] QPSK. 8PSK. 16QAM. 64QAM 
^-i- ^>^t!-c)-. tl-^d. ^cJ-^lfLV -?^^-i-'^l 2]S11 it^^ -4^2] ^ H]-^Bl-*S -tl^lfe 7]\^3] 3f<a5;(pilot)-i:Ol 

c-lsflxlji. oli^ IFFT l-^l- -f-^Jl-^^H S-l-i^S] OFDM ^I'i-i- ^S'i^^. <^ ^Hl 4^ ^ .S.(multi-path) ^^°\]^^ 
2] ^l^lt A:-^d% ^^]-A^}7] ^tt Ji^n'-^VCguard interval)-!- ^ -tJ 3}-^ ^S^^^ll- f-Sl-sl-o.^ ^^^^3. ^ 

^o'-^HUi ^^^ i'lr "1-^- ^^-S- =^^-t!-^Hl cfl-g-^I-fe ^^7HlA^^ Aj-71 ^a17H1a-] ^^s^-s]- il|.x^c^] tit\-s\. <^ j^xjo] ojo^ul- 
Dl -§-7121- Jil-^jo| *j7l-^cl-. ^A]^ OFDM ^'a°l] t3i\t^A] .-^jsU:! 4.' ^.(training symbol)-i- ^l-g-sM ^'A 

^ -S-^J] 9i -y"^. ^-^^n-C= ^^joj <-i^Ji^lo)<^l= l^cf. ZL^o\] -^l7-1-5t CII0IE.-I Aj-go] FFT 1-^^ -S- 

^VerM 7ll^al 3l-<a5j#f1 c-jsll-^ ±-'<i 7]]^S] ^ ^^^iA■. HEtl-. ^^1 ^11 ^-^ol-^l ^--l ^ ^S. A 

^ -:^^*V7| ^sH ^21-71^ -i-A)^^] ^1)^ uiltv sii'J Aj-eD-i- ^^§-s}<A a13:ji.«.e^ ^xfl ^- 

5fl'JAVoiiA-)si Ai:^_ s-n-in.^ ^•^l7^t!-cf. ^0^7) ^Sl-7i* -f-:al-*f4 ^H^ cil-^lEife «m<g^ 'S^r^lcH ci<yE-lel 

»l(de-interleaver)» f-^tb °11 2-1 a.J:2^-7la> cl^-iria^-i-el (de-scrambler)* 7l*]A-l ^If^ t^]o] 

^c}-7loll^1 ^■^tJ: "l-S^l- OFDM "J-^l^.- ^3|-^ ^dej^i itflol^oil 7j-*V o. 7|.^|^ oi^in]- ^ A^^d]^ t!:7-l|7> 
5ICK ojelfV Aj^o^ *V7fll. ^^*>7] ^sfl .^fl<?i-€ ^^^1* HTl] ^^-9t »^JL ^fe ^iol Cl-f^ ^VEflul-l. 

>-l-g-«l-^ 2jiil^i44^i:^-^S}- «o'-i! <:>|-&-f-^'J-^!^'€°li^. :ie-m, '^'Jir^^^S. -Y-fl c-HoIe-] a-]h]a-^ ^a17)^ jfa] 

^ ^^IHI Xiol^i ^r?!-* tV?!! 51°^, ^iJ-7| =^-Al7|011 >y-7l Uf-f^ ^-VEflm- ^HlSfS^ ^^^l-^l ^^fl 

71- ^cf. ole-i-^v o] jicf ^ElfJ- 71-^1 ^^]7H| cx|e-i 711^ ^^E^mi-i: ^"1?!*.^^ ^'■71 ^^l7]2] 

^^±AA'^M ^]o\^ ^^o*-^^ <?.l*b ^Sl-* 7ll'MA|?j ^ 01^ CfoltHAlEl 7l#ol 7ll^»-s)5icf. 

^7fl^H 7D«^i-:g cfoJhHAlEKTx diversity) 7l#l- f^ofl Aj^^^v cfo] a] e] (STTD: Space 

Time block coding based Transmit Diversity, *> 'STTD'2+ ^^t}7]S. ^) 7l#-S- Til'd-^ol ^-^a] 

al ^^JE7l- s-p^ug. 7l-A]:a 5)cf. ci-i-cH, AV71 OFDM "ot-^-l-S ^'-7] STTD 7]#-i- ?4^s>7loii 7KV ;5^:^^v f-A] 

li-il-e.-?-^. 7J_?_ -.g^^l-a- -^A1<>11 ^21-^ cfl^^- sli^VO.5. SlA^sVS^A^JE ^tS] ^* BU>S7ll 

.3 SI'S 0^7]Ai i 1^ ^SSH ^iil ^3}-^ Cff'S}- «J-A1.|. Af^Sl-i^ O]^ f-Al A)^E^21 ^Al7l ^^* ^i^^y 

^c!-7l 1-g: -i-^J-^^J ^2L^^^^W^^ ty-^-l* 4-§-§>^ ^l.-^-f-a^l^'as^ ^Al7l ?-Al^V S-a^ltK AJ- 

7l 51 loflA-l .y.c.1 JL 01-. ^Ai7lsl >y.7l. Al:g.^V ^^ A^-^ ^j^fl- OFDM ^^-^2] o] .§..f.Al a] a- 

AiSl ^Al7) -72:Olu|-. 
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•LVslJi i# ^j'g -!f2.<tl BiiL -¥-:£(turbo code)l- <^l-§-5l-<^ •if-S.^effe cfla^^S. A)-§-Jgc|-. olnfl, 

^y] 1/2 ^ 3/4 f-sl -^:£s^^ol Aj-^^icf. ^V7i ^^Jf(i20)fe ±^ fi1«fl ^1-71 n<^] 

Ei(110)l- ^7lA], AJ.71 ^i^iy-Ai o,^^- 8PSK. 16QAM. 64QAM. QPSK ^-o] o| 

PSK21- QAM€- A)-g-Sl-fe ^-^-l- 7l-:^^t!- ^io]t^K ^a-^l ^2:-^(120)S.-Y-E^ «a 't]'il--8r ^1^"^^ ^S. 

-V-3:Sl-7l (130)5. ^l^-€i:^>. 

-^7] Al^^V l^-a. -?-5:S}-7l(130)fe ^^y] '^2: >^1^?J: -i-^ ^l*?Jr ■^-Jl'Hl 

■¥-5:si-€ 1^2: -a'Sl-^ ^6^71 Ai^^v 1--^- ^5:s}-7l(i30)^lAi a1s-5^ ^d^ a] ^1 » 

-■f- 711 31 #^^^1-. ^o^7l Al^g-^v ^s. ^ji -^5131-71 (130)S.^E^ 5] AiJ: ^^niFFT^C 140)2]- ^1121 

FFT-¥-(150)S. ^7] ''fll >Hl2IFFT-¥-(140,150)-& ^i-7l aI^^V ".j^oij s^gfl .^^SJ-^ 

cflsfl IFFT» ^*|-5H OFDM ^j^-l" #^?!-cl-. ^J-7l xfli 51 xfl2IFFT-?-(140,150)-S--¥-E-l #3^£lfe- OFDM 

4zt cfl-§-*l-fe ^ ;*)l2iiJ:n^^V -"hI-^J -¥-(160,170)5. ^fl-^^cl-. ^J-7l xfli^sin'-^V ^^<y^(160) ^ ^12 ii^n'^^V 

^^-¥-(170)^ ^J-71 OFDM ^J'gl- ^^"^1 c}l*11 JiJ:n^?}-(guard interval)^ ■'d'^Jtbi^. ■f-^o'-^.^S. ^&l-7l OFDM -l^isl 

^^-Sr -i-^ ^^S. H^yy oi-fcHxiq. Ai-71 OFDM 'tj'g^l 7^5. sfllt- -f-sfl ""d^^^ ^-9} °]^d -a'iol] 

--t^l €'4. ^le^?!- OFDM ^^^^ M*V7l ^sH <?5#^ -1-^1- a|.o|<h1 av^] ^.^n^^^-S- ^"iJsVfe 

y^.°]^}. '^y] ^ ^1l2iL5.?-^> -^-^J-f (160,170)5. JfEi iLS^^Vol Aj-oj^ OFDM ^-g^^ 'Hll ^ >^)2RF-*f (180, 
190)1- f-sll ;«-)]l<y-EflM-(ANTl) ^ '5il2«jVHfli4(ANT2)l- -f-*!! ;*fl'dS. 

^7] r. 2fe ■f-^l-?i<?I ^Jil^3l-^&^^c].f^£l- 1]-^^^ 4-§-*>fe c>i:^f.AlAl^Efls] ^Ai7l ^^1- ?_AltV F-'golcf. 
y] S. 2<H1 F.AltV ^A)7l ^5:^ AV7I -i-^ ^-^S)- 7l^^ ^Jj42-^V OFDM 1.'-^* Al-g-Sf.^ ol^.§.AlAliejoi) 

Aj-71 £ 2» #2:S1-'J!. 4~-tl7l5.-¥-t1 cl-^ ^dS. ^11 -^-i- f-Sll ■•<it-^ Ai^-.-ir ^fll°J:Efli4(ANTl) ^fl2<?VtflM-(ANT2) 
# f-sB -<lll ^•^ll2RF-¥-(210.220).?. ^--tl€4. ^c!-7l xiU ^ ■*ll2RF^(210.220)-a^ti --31--^(if: Intermediate 
Frequency) cfl<^ o..^. v}^ fdi*]^.^ ^lll ^! .^fl2Ji^n^?V xfl^l Jf (230.240).?. ^fl-4^s1<H OFDM 4J'^°11 

'•d-'ysl<H JiJEn^^L^ol ^r-'i^cK Aj-71 iiXn^Kl*! OFDM ^^"g-S- cfl-f-el-ir ^fll ^, ^fl2FFTJf (250.260)5 

^fl-i'-sH FFT -i-^ jf^^i sieij Jf Jis}-^ ^^°1 #^€^1-. ^^y] M-'B-y^: -1-^ -f ^<^1 21«11 -¥-^ 

Sl-€ ^"S^ ^li.-^^ -S-^ -f S ^-^21-71(270)5 .^n-Sl<H -S-^ -¥-^-^1 2]tl 4S.51-7I- oj-f-cH^cl-. .AV7I ^Itr 

-^^ -¥-^°ii si^ii ^^-5.2^^ ^"Ui-Sr ^-3l-f-mo)s. ^n^^^^K ^0^7] ^^-'i-c280)^ ^^y] ^^71oiiai 

S.n ujE^o. clo]E^e1»ii ^ 4^Sl- 2)-:^^-§: ^Sll ^leflSl cflolE-l (290)5. #^ ^Jc}. 7] a^ , >^l-7l ^2^^(280)^ ^^y] 
^^y]s] ^2:-¥-(120)°ll^i ^-g-t!: ^2: wj-^ol QPSK ^ QAM «<J-^olo.5_ •^J'^^aI ^^7] QPSK ^ QAM 
<^1 ^'-8-«V5L^ ^i^jt!-t:K 

AoK7l OFD.M ol-^f-AlAl^e^ollA-l >^7^2] iV^^afl- AV-g-fVcflg ^Vy] £ 2oflA-1 .liolJl ^^;/]oflA-l FFT 

•¥-(250,260)-l- 7-1*1 ^Is.^ *>7l K^n-i^ 1> ^-o] iL^-fJ: ^ Si^}. 



r(k)=H(k)X(k)+n(k), 0<k<N-l 
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r=H • X+n 



A^, r-Sr Nxi A]^ «1E-1 (vector), xfe Nxi -y^ -fle^. Nxi ^i-§- <s]^% z]-z]- ^-£1-^^, Hfe 



r= 



H 
H 



H 















[ xn 


+ 


■ nr 


= H- X+n 













•'o'-^l ^-^^^ 3<^l^i. ^1 ^^F^ ii^.€ =J1 -^^-S-l-i- ^± ^^-i|(complex conjugate) a] ^Ife '^■'■cM'^]^. =i- 

elJl, H 1 . H 2 ^l-^l-S^ -§-'a-<>l^Ji 1 , X 2 ^i--^^ 2hZ)-oJ ^E^olcl-. U^^A^, Al^^ 



X=H"r = H*iK+H*H 

■|H,(Ci)|'+|H,(0)|' 0 



: 0 \H,ihr--i-)f+\H,(,N-\f 0 - 0 

0 - 0 |H,(C!l|V|H,(C!)|' ... 0 

0 ." 0 ■•. ■-. 0 

0 ••. ... ... 0 \H,(N-\:^ +\h,<:n-y( 



[3 



+H"n 



(2) ^-^ 711^7]- N_R7i]<y 

■A «o'-^^s 43:?!- ^ ^'•71 '^-Eim^- ■^■^^s.^^] 43i€ 71-a}-si-?ii ^cf. oj^ -51-7) <^«h.il 5>s. 
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2 X+H^'n, 



t:. 7^ O. 



.7). tJ 



DM ol-g^-f-M^l 

T^<-.17|21 ^x-iel ^o^_ =^ 01^ xV:.jo| oicf. sfxjov, -^aJ-^l STTD 7l4-a-"^^4 OFDM 'i'-'^i) <^l-&f-'^i^l 

^^S^ "S-s-^ ^^.l<?.!:t-1|ul-o] -.oil ttj-e^ ;(^|ot^ «J-i.cf. ^. STTD ^-§-t!:OFDM IJ-A'sl ol-f-f- 



^^Al^lfe ^i<^l l-.-4iil*KK AL^efls] A^-^-i- ^VA).Al?l7l --^AioVEflu^s^ ^1- 37H ol ^J-^^ 

^. n. ^i^o\\ olo] ^Ajoi-Eimsl ^7} 271] <a nil i^.i::f a7|] ^vy^c]-, sy-A]^^. ^^7] STTD 7]^-%: OFI 

3:^ <a<H'dcV. ii2--lB.iL ^o^-^l STTD ^l^-g- ^^tb OFDM l^-^-^s] oi^^=-A|A).^6fl 7^0.^ ^^.^ ^^1^ 
--r* 3711 «*141-.^S. #7l-Al?lfe 5l<Hl.fe Al^^eflo^ a.:.vj£ ^ ^^_<^^]^.^ ^^]^o] .^xg^ ^ o^cf. 



^ H-'^el cl-# o. c|.o)ij] A]E]-l- ^-t^^S. °]-%-^ ^- 91^ Al^^V-^4^ ^SSI-A^-^SI- ^Al ^ 



xl^-^V u}S]. ^'^1-^ ?J:^'«V7t ^IV ^lll^xJcHl cc).§ 4i ^vtg.^, o] Bd c-11o)eM- ^-lll7ll^2l .^al-^3}.l-.i. 

•i- ^l-§-«H ^d^-«M. ^^7l O>El|ul-l-0flXi -^a^Sl^ 2).u7 -^3)--'^ -S-^V cf^Sj. Al^-- jq-Z^o] ^fl27l1-'^2l Cff' S.* 

^ 1--^' -^soll sl^V o^<^iAi. AJ.71 3|j5, cff^j^ <a^sl-uL, ^liiL ^§ 

cf^^ -Ini^-a- ^^°11 ^J-7l ^fl 1711^21- ^fl27l1^1- 7}A]jL .^J tl" 51^i^°ll S^sfl 21^1^1^ ^^>-& ^^4^ ^ 

oj-Eliq-^^ f-^B ^i^sli^ Al-o^^V -S-^ -f s. -f M71-1- S.%^^-i ^^.P-.s. tbcf. 



^ 7flSl 



^d#-fJ: "1-^ ^-8: -^'^l-* ^^^^*f7| ;<fl2<2-^Hl CC|-.g. ^. t^^, CllolEil- ^ll7fl^2^ H.tiV^jil.S-.g. 7f 

AV-g-sVol ^o'-7l <y-E|i'l-l-^l^--i ?1--^S1^ 2ijii7 ^g}-^ -g-^v uf^-sl- ai^s. ^i)27ll^2l 7l- 
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M-'S-^J: ^^ -f^oil al«fl -!f^S)-*l-Ji, Al-g-^V -i-S. Jf J:^^ Al^S. z}-Z^-Ol ^j)-7l A-]^ Cf^ 7)] o| OVEiim.^ 

^IS. ^31-^ Cft-Sl- ^2: §1-31, >^j-7l ^31-^ ^It-i- AiS. Cf^ ^ 7fls; ojEflut-l-^ 

^^«H, ^o'-7l <?]:Efll4-i-^l^^ ^d^^^ ^iH ^31-^ -S-^ ^^-^ ^^1- 2]-Z]-ol ;^12711^S1 Cf^- ^^1- 7} 

1--^ ^^^1 21 ^J:^ ^J-*H1 ^^71 7il2] «>Efli4«- ^l-^l- ^^=1^ ^ja ^^l-^ 

1:-^=- ^ah7i Ai^7j 45isf^ei 7||2i ^jj^ -^3|-^ €-1- ^^1-* -^j- 

7l Al-g-^V 4J^*2l ^cJ-7] ^11711^21 -?-a}-^-3l-l-7j. Aj-^^l-^ ^#§Vfe ^i^- *)) 

i 7^#7l2]-, 3l2:°11-^r ^J-7l ^fll7|j^54 ^1]27H^ -f- 7>.XlJi -^^ ^'gS'}^. Oj-f^oflfe ^0^7] 7^t^t!- ^^^=$^31- 

H«Jj*>ir -^f€-Sl^l%t ^^^7)21., ^iV7l Al.^7j- ^r^S)-€ irJ^l'f' t!" ^J'S^l S)^^* 7^ 

^]IL ^Sl^Al^J if. i^i^x] Al-^i^V -^^ ^rS.Sl-€ ^'g* n^Ve>o:| Die) ^^^^Sl<H ^-^^i-iVA^o]) 42:31-71 

"^is-ygs ^31-^ cfo)tHAiEi 7^^711- 5Ltht)-a- tbci-. 
^i-^-^. Hi-s]- -s-^i-i- 'a-^o'*i-7i ^-^ m^d-^]^] tti-€- cfloiE^i- -41711^21 ^H_K-±.ii}.i-^ 71- 

:<]JL ^li ^31-^ eft- si- -'d'giS. t^aisl-Jl, Aj.7) ^3].^ eft- si- ^I'i-i- ^-IS. cf^ ^ 71121 <tVEflul-l-^ 

A].^S}C^\ A^^Syo^. ^VEllu.fl-ol)A^ ?i=^:il^ 2^JlL ^3|-^ -S-^ CftSf -y^l- ^^2711^21 Cff^ S.* 7V 

■^-]^ -ii-i-i- -f-*ii -^i^-i^i^. ■<^ii -^3^--^ cff-sf 'i^^-i- ^v-g-«vfe °i*«-<dAi-'^^52i ^<d7HiAi Al:§•?v-^3^==^ 

#-5;^ ^2.=H1 21*> 45:21- "o^'^^ll Si'H'-i. '6^71 A-liS. d-^ 711S1 o>Ellu|l- ZVZ^-i- f-^H -^Al^^i. ^ -^l-^ 

^^2>, ^c)-7l Al^7j. ^4 « 4^.Sf€ 71121 aljT/ -^3f^ 4t ^-tSf <y ^SVJI, ^6^71 71121 A]^7^V ^ 

4 1h"^ft2l AJ.71 7^)l7)]^o^ 4"J=^^3f-i-?]: ^d-^^i*-^ ^nl#S-m Sl-^^4. 2li<Hlfe ^o1-7l ^fll7ll^2l- 7ll 

2xH^--i- 7MJ1 -^r* Sl^J^-i- ^i^d^+Jl. ol^o]]-^ ^J-71 7^t-tV 4«J:^3(.*^> ^ ti'^ll ^^J^J^Sf ^± 

^ Aj^s.- 41^011 cHsll ^V7l Sl^i^-i- 7M ^Sl^jAlyJ ^ ufuj^,] ^j^yj: M.^ 4^S}-€ 



°i«f ^ ^^'^21 ^A] oil* H-a-i- ^'-*ii*i 'S'^sV'a ^ci-. 

^ -^^^^ll-^i^ ^ 71121 <?VKflm- A>-g-sl-^ OFDM «c!-^=l °1¥ -f-a ^l^^^oH^i STTD 7l#-g- A|-§-sl.c^ cj] 
^lE^* -V-5:£> 4^Sf5l-fe ^^^]% ^m^z.}. ^^7] STTD 7l#,^- ^--/l- cfolHlAlEl 0)44 ^s]-^ cfolH^AlEl ois. 
■i: -^^Hl <^71| -^l-o.^,^^ v= x]^ <;}Eflq-i-'LVo.5_ Ml 71121 ?:)^ oj-Eflul-l-^ aV^^}. ;g4.<2l. ^<at!: 4^ 

9i?-4 t>l^K -^<J-7l STTD 7li^-i- Af^sf^ « ^51-71^ £)7ll ^ ^^1^1-. 

tSf ^yg^ N71121 4«J-^-3f-i-i2. ^1^<H^1 ^1121 -yi-i- ^J^^s}-^ -^--^l-^ "^2^^.871 (Replica Generator)!- 

7^^^}. «^7iA-i Aj-7i y){2] 411-1: ^ -o-VM-^ €eii -^-^v^ >ii-^A'7Hi 01^^ Aj-go^ -^'a-o-i-^, ^}^^ ^^7] <a ^ 

^ d= I 1 . I 1 

2]:^!^= ■d'<^lBl-Il ^^21*1-715. ^V7l -t^^ Sl^^ dfe ^^^'l: ^l-^^S. ^«11^ ^J^S. " L " " 2 " 

©ICf. r7.2lZL. ^ t^g2l I£ Cf^ ^Al<:^]ollA]^- ^Al7HlA.l X-}^ 5ll'^l-2l ^j,V^^J-^JLl- ^*V<^ '^>S ^a-:^-:^ U'^] ^ 
-'iLHj.^3^.21 Aj-71 ^Al7lo)l -^-§-51-^ ^^7lSl ^^^^ dS. tVcf. 0^7^^. A^V7l ^^7\<>\\A] 

«H'i*2l 71-^1 JlAi 3l?i^ d* 'g^^i^l-fe sl-'g'Sr *1-7H1A^ ^t^l^ ^*lJ5.s. a. ^y-vHl ^> ^ "^g ^ 

o=j7lA^^ A^^eV7ls. ttt^K ^--^y cfoihHAiul-1- <g7l ^-ail 4^V^ «J-^|7l# -f-sfl n>#<Hxi ^ 7fl2| Aj'i*^- 

Al^-^LV -1-4 -V-J1<^1 -a^^Aj^cK 

^1^711 Xi4:.^ AIJ::^ -'^<d7HlA-l ^-Al7lo1lAiO| ^ 3^.^^^ ^.afl 43-7). ol^cH^Cf. a] ^^>-^3|.>. ^4 

-^-5121 -4^-51-71 3711 if 71121 ^^O.^ -'^ o;icl-. 
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^.S^HlAi #^:e1 Aj-i-i-oll *fl^s).fe -^A^^M. ZL^]E.S. ^-il- ^ ^oM ^^7l<^lAi ^^2]^ A]^ ^ 

^J'g^ 4-5- sl-M-^ 7l-Al:t!:cl.. o)^7ll ^l-g^ ^11^ 'aa.l- -^l-g-^H 7l-^J- >Se|7l- 7}77}-§: ^JLS. 

^J-7l°11^H ^-y^^J-i- 7^X4^S.M] .A]:§.7^V--^s}^ ^^^^^^ 27}2\ cfoltHAjEl ols.ji^ 2:*V 

21 ^sl-r cl-ojujAiEl ojs.^ ^_cf. a^ov o>qei- ^ 2f^^o] s.^ ai-^ :^iejol:0.s. ol^<H^lH.S. 

^^1-1- Sl^i^ 'a'§s}<^ '^7] -'^Ai7loil sil'^Sf-^ ^-^715. 31 (feedback) ^l^a <^l2f 

1. OFDM Al^EjoflAi^ ^H^a) ^^aV 

L7ljfil cff' 71-xlfe ^-31-=^-- Ai^M^sj nllol^a sfl^sl -g-^Cimpulse response)^ L7flsl ^(tap)# 7}^]^ 

FIR(Finite Impulse Response) SLf^ ^cf. S>7l <4^*i-ai e>^S. ^ Si^l- 



g(t)= Zh(i)8(t-Ti) 



Aj-71 6^1^i h(i)fe I 'il^ll 7iS.0\\A]S] .xlj^ OJ^^ -§-<a-^ ^J-il 7^1^0lJL. T i I 'd-'fl ^S.oflA^Sl ^l^Aj^VC 

delav time)-g- ^'S^'^^. ^H^-^l ^^-71 FIR ^^S. a.'i^slS.S. ^>-7l t ; ^l-(sample) •g-'^ cf^ <?]" 

tri-efA-1 z)- B^if-o) eijo^e] .g.^ ^o. sJ\-o\a\o]- -g-ii- o] = jt. ^aj-o. ^oj .g.^^^ oi=.7fl ^cf. -^fl^ 

^ ^I^. HS.^'y.Cpower delay profile)*] ^"^tlT^i^ ^-Br -g-?.-!- ^fecf 7>^^ ^ Sd^^. 

4'-7] ?le^ xloj ^,^3i-^j(power delay profile)*! *<asW>a, OFDM ^'^M-^ 4-§-*Vfe ol-^-f-^Al^^ais^ 

"i^S. ^^7]<:^]A^$] FFT* 7-1^ OFDM ^"i^] k«i^ -r '?l-'^4'Hl Sfl'g-^fe ^fl^^l -g-^^ «>7] <^tj- 

A] 7>4 ^o] qel-^ ^ sli^l-. 



H(k)= Sh(i)e'^^"''*'^. 0<k<N-l 



v^7l ^SJ-A] ycHlAi M-a, OFDM -t^'isl xjsfl ^ "^Jr^-sl-l-sl 7ll--r*1cf. ^11^^ ^Sl-l- -7«l-7l ^sflAi k "l^II ^ 

a1:^-4o)] «ll<i^ S]-b ^ll-^^l -i^3Kr (k+A k) ^4 ^.}:^4°fl «fl"^sm *fl'i4 -^4^ -§-'3-42l ^^-^ ^-i: ^} 

7] <^n^ 8>4 ^^*1 -?«H^t+. 
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p,^=E [H(k)H*(k+dk)] 



L- 1 

^ ^j2iiAlci /NT 



1 1-e 



j 2it Ak/N 



sin( 

1 V N 



sin f 



(71 AK \ 



H=[H(0) H(l) ••• H(N-l)]^ 



Itl-El-Ai. xlSfl -^^AV Sg^ C H ^>^1 <^-«)-^ 11>^ ^^'='1 -I'^fl ti^-. 



Po Pi Pn-i 

P-l Po •*• PjSI-2 

P P-N+2 Po 
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^o^7l«2]- ^Hll^^^ vfl7,l .^l3#>^^oll ^oi-7l ^-^^d «St C „ Hermit 

-^^71 •^'^goflAii^ iil^l- z]-"4fi1 ^^1 ^1^ BSL3}-o^{po\ver delay profile)"! ^^^^V 7l-^«H -g^s)-^ 

^M-. sll^l- zvzi-el .^d^ ;^-l<g il^-^ojol s.o^5i.^.) ov^ ^^011-^=^ A] ^eflol ^(simulation) ^^°\] -^^3] 
:g.«.Ai.o) o^^^inv Aj.^:A}.Ei.oi 7>^i- 7]-5o.^ sjl-i- -?Ajefla.?i :^ 

C].oli^lAlE^o] 7\^^o] 7^}-^ 7>7,1^ Al^Sl 4-'4^(replica)ft-i- -^-^^-y 3llolo1 ^1]^.S. -Al7l 

cHlA-1 .^-Ai^ ^- 5i£S. s)..^ .^^olcf. ucl-e]-.H, OFDM AV^sV-ir "1 -i-l-^d a] ^^Hl ^"i cfo)u^A]E]l- .^71 

^«llA-]t- A]^-j A-ls. cV# Jf BV^ji]..^ ^i^^V-a *l-7^1Vh C^-0)t^)AlE^S OJ^V s^cfltV ^71 ^SflAi 

^ z+z^a) ^-Al-^(replica)l-o) sflolry ^D^-i- f-i+^flA-l ^^Ais^c^oV ni-e].Al ^V7l OFDM ^g-^-i: A^-g- 

el-fe- °)-§-f-^Al^eflo)lAl ^3]-^ ^oltilAlE) oj-^o. 2]cfl*Vo..^ n^t}7] ^nM^^^7\ ^?-AV^(replica)l:-i- A]_% 

^IK ^^71 ^.-fc 7f^-AloV HllcH tq-i^ FFT-1- 7^^1ol^f5L -^^o'^l Ss^fe"^. ^ <^l^'=rfe '^^^l FFT7V ^■ 

-'r"]7l ttfl^olcf. =L^]E.^ ^^o] H(k)-b ^'U ^-LV* 7>xli^ ^± y}^^]^}: SS^r^ 

SL^i^^ICf. "fef^i, 7l-^Alo> -L3£0^ ^Aj O.^ Ol^ll -r 71121 7f^AloV ^-7> tijA^VllVAj^ 7l-7,l ^ ^^71 .ffl 

'a^v-fe •^^^'^icf. .:i£l£.^. k 1 ^J:^3l-<^1 ctl*V s]]^ H(k)^l cllsfl -^o^^^^o] ^ ^ ^Jr^iil-oll <:!) 

H(k 2 )» ^-^^ 4^ 71 iifl-i^ Ais -^^^olcf. 

<asl2] k 1 ai'^l) ^- -Sl-^af^l cflfi H(k J °js]2] k 2 'd^ll iv^sf^l cUfl -H-gl H(k )s) ^^^ik^ ty/] 



-r «!--%' 12 
Pk,w, =E [H(k,)H*(k2)] 

/ ,t(k,-k,)L 
sin — 



) 



sin( — 



■ e 



sin I 
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mlST 

Aki2 7 



Ak 



L :iAk,2L L 
u < < Lit Jt 



N N N 



>^7) <^-$}^ 15>1- <^'^\^ 14>°]\ '^^^■sY'^ syy] <-=r«h^ 16>o.ii H^^c}. 



0 -ti^Il ^- '?.H^4'^1 -T- ^.H"5]-S] 7]]-''r-ir L-l7llolcf. ZL^]B.S.. 0 ^ "0:^-^* S.^ 

^ ^t^o^ 01)0)1 xc).^ A]^^>— t-3l-^= -1-^ ^^1- xil-LV^V-irc-il sioi^i ja:e^*fl<^m a>*j-i-^ cf^-iii- ^^c]-. 
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^^y] 9<H1 S-AllV wl-sq- ^o] uv^a). oitij^y)- -^^i-SJt-i- W^^^^l ^<H?d^-fe ^ ^cf. ^):^. ^ 

3.7] -^^^^J-* -g-cf^. ^-^-^b sH'i3^ s^^2^ .xil2-^>^^^l 31*11 cH^is) s^t^ ^Ji 3X^. zteiB-S. 

^ 7f-g:t;-l| it, ^ 7l-2:t-il ^-^t}c^°]- ^A°]^. ^^4.2] ^-^'d ^ -^^^c^] o^sfl a]\^s] 



Ak=d= L ^ J . I ^ J 



k'fe «l-7l <^«j--i1 18>^ ^o) 



k'=(k+d)mod}^ 



Aj-71 4^«:b>=l i8ollA^ modfe Si--?- ^e}^^!-. <^l-i- Ir^H. L=4ol in, N=8'a 3^cH ^3}-4^ c^-oltHAjE)^ 



€-•^1 ^.e^ ^^Slo^, ^ «1^^11 ^tiV^JXfS] ^Af^-^ crjAiu^^fl ^1^1-^351-^ ^Af^--^) ^31 ^^Sloj, olei<il 0.5. o^g 
t}-3!.'^i-7! H 9°11H^ ^H^l- ^^o\] cfltb H^5V<aol -'i^J^ ^i^°\] 0^^ -f-^J:^^<^] cHt!- 

lJ-71 14^ ^i-'^a) ^Al c^JcHl tx).^ 0, 52, 204 ^ ^}^^<>\] ^]^ ^ '?J:^3}-*?Ve1 &<^]^ S. 

-^tHl ^-lj1-=g.5).7> of^J-i- ^ .-1 Oj-o-i- Aj-yjo^jA^ .gtg^V H}S1- ^O) xflvj-l- Zl-ZVo^ H5-3)-<a°l "^^i 

(feedback) ^l^«}-:n., ^ji-7l -^aj 7] ^-ofl a-^ ^ ^j-7l =^=a]*v ^^o:| ^j-ij-g. yj-^ji^ i^Hi-^2}.o) o^^]^ 7>:^lji a^^^^^v ^ 
d* y}y-]JL^] 44^-(replica) ^ "ti-i: ^ ^1^1 ^ ^I^^V c1-o)tHA)E| ^.-^^.^ ^s^^Ml €^1-. 
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^i^S^^l-JL;^)- sVfe CHI olE-1 (310)71- <=J^s)'g. ^7] <=^^^ cilo]E-i(3io)fe ^S-Y-(QPSK/QAM ^]-^7\)(312)S. °J^£l<H 



-'r<?l-^-^ 19 

s=[s(0)-- s(N-l)]'^ 



-i-^ ^■§-«K'1 ii-^i. a^tfl ^-ss^^ cfoltHAlEll- ^sfl 4a|.^ ^t^-S^l (Replica Generator)(314)l- 

.AV71 ^^y^- '■4^^^71(314)3^ e|£|:n_, ■'^y\ ^^\■^- t'iS7|(314)rr i^f-g- ^ 7Hsi Aj^.g.^ ^^^ fl^-. ^'•71 
& 't^|.-7l(314)^^Ei 7DS1 Ai^^ sl-M-s] -y^^ fJeflo) -^^^-g-fl-i^f^Sl- Aj^ s ncfl^l- A> 

-§-S|-:n, st-ufo) Aj^^ ^1-71 <=^«i-Ai i7>oi| s^sij si^cy: dl- A^V7l <4^«,'-<^ 18>oll i:fl<ath:2.S. 

M] AV71 ^d^. S* £l?iAl7l ^ioicf. ^, 

X ,= s=[ 5(0) ••• s(N-l) l"^ 



X2=[ s(N-d) - - s(N-l) s(0) ••• sCN-d-l)]"^ 



^ih^l i 7-8- -g- 1)-^2.1 ^-^Al ofloil it}^ #Al7loflAi ^-s^s>fe- ^IcH 2.^-^ iio]j; o|.^ i-gojcK Aj.7] s. 7-i- ^iSj- 
•a. ^■-<-1 710'a'll'HlAi ^V7l ^Ai7|t- ^c!-7] ^m^-sH^- cff^Sf Aj^ cfllV S]^^ d* ^l^tl-^V 712^ 

7)1^ xlSj^l-cf. AV7l 712tV7il°l|Ai AV7l *^7]fe- •'il-71 ^OHL^Sl-- cf^sj. Al ^ ^o^-^l 7^]^^^ 2]^^^ d 

"JlEll- ^<S-^j*l-:o. 7l4^^.7iia ^sj^vci-. 6:|7lA-i, A^V7i ^] ^ ^^-^ cff^s)- 4)"^ soil 

cflt!: d# ^'^jsl-fe- 710 °A ^i^i^ n^i"^ d-i- y}^]:iL '^■71 ^a)-^ cVf^s^ A]^ soil 

cfltt ^^y^-g- ■■■S'-^^}^ 712^^2] ^■*11?^°1 ^-^ °A i£ 5^1 14^1-^511^. ^^d. ^1-71 ^H^l- zl-zl-Hl cfltb 

^-]oj =S.3l-<iJo] •y^'^Sl-^-l ^V-g. 7j-f Ofl^ ^^V7] Sl^i^ d« ^c}-7l 710^1- TiHlA-l l^jsVfe «J-^2ffe Aj-o)*}. 

H!jAl7l7l ^Sfl -^V7l ^^V d# ^^j7lo|l .x.l;^V*f5is. sVi::)-. ZLBflA-l. ^^7] ^^7]^ ^A>^ 

^o'-7l £ 5-1- %'-2:e>'?!. Aj-71 ^2:7](3l2)il-^t1 "^^i sfe ^13^1(512)^ ■y^S-l'H ^^l-^cf. 4^71 

tH2l(512)<Hl ;^-l^o^€ s-ir ^o'-7l -^r^}^ 1}-^57l(314)£l S'W-S] X j ^c!-^! aI^^V M.^ ^^Sl-7|(316)S ^ll 
-§■€'4. tb^. ^J-^l al3l(512)^l ^f^o^€ s-ir ir^ 2] '-Jl 7l (514 ).§. ^fl^^cf. -^ch^l <r«- ^1 ?l7l(514)-lr Sl^i^ ^ 

7^71(516)011 Sl«ll ^^^^ 21 do]] o^«D AJ.7] si- Sl^A]?:) >^V7l ^-AV^ ^^<!l7|(314)Sl H^^^fl X 

2 ^ ^ol-^l A]-5^7J -g-s. jf^ -^2.Sl-7l(316)S. ^l-^sj-cf. A^V7l 5oflA-li^ Aj-7] -c^^ 21^^ ^^i7l(516)<Hl Sl*fl 
^ -Cr^!: SlAi^ dl- ^^-StEKSIS)-?. ^fl-g-Sl-JL. ^6'-7l ^l-grEKSlS)^!! 21*11 ^o'-7l s\^l^^J:^<^] t}^ 
^^i^ ^]]°J:^}JL SWV.h ^7] 7>-g:El(518)^ ^^^*121- 5}olcl.. ^, Aj-71 Sl^^ ^:=g7l 

(516H1 s]^ Sl^^ol AJ.7I ^^7](51A)S. ^]^^o] ^7] Hl3l(5l2)ol1 3* ^§ g\ 
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711S1 -a'Sl- X 1 :4 X 2 <H1 ^l-g-^V 1-^ -^JLl- ^^^^ t}7\ .<^n^ 20>'H1 a.<>1;=^lal y^}s\- ^^o] ^V7l ^ 



^n-^ 20 



<^«Ki] 2o>oii Dfl^^i ^ ^"ii-ar OFDM ^^^^ ^-t]7iej ^^^^<i^ ^-n oj-eaui. 

S. A)^?V ^s. ^:^_s).7l(3i6)^^Ei #^2]^ 71121 ^j-MS-S: OFDM «o'-^* ^-g-^l- 

a] IFFT2}- iS-TT.b ^"y<^1 "^l^oi^ ^<^1 RF-¥-(326. 328)* f-sl) <?]:Eim(ANTl, ANT2)oll><.i ^S,7} ^^^tzf. 

^c!-7l 5. S-Hl^i^ sH^J-l- zl^i-ol <a^Jt}- ^-1^ 7}^]:iL si.?i-^ d* ^a>^* 

^<S-^^«>-rr 44^ '4^-^^7l Cf. rL^uf Aj-yHlA^ ^ Hj-Sj. ^o] ^Hvj-f- Zl-Z^-ol <i) 7g ?i ^1 = 

-i- ?4-7+ol <ii A^^V ^10^ 7V?^1^1 ^-f d* 3lS«-^e>fe ^2:* H 12* 

^«V7l^ fj:4. 

-^o'-7l £ 12^r -g- 1^-^^ ^^^1 <^1^1 ^-tcff^Sl- '3-^21 ol^-^AiAl^Eflo^ ^Al7l<HlAi -^^^ 

^o'-7l i 12* ^^71(1110)71- 2^151 ^iS\-^ Cff^S)- Al^ sol] cflarll ^^-J!l- ^Af^- ^ 7H^ Al^^ = 7I] 

21 <L>Efll41-* -f-*H ^l-'S^*!-'^, ^^7l(1150)-fe ^1-71 ^ 7H21 ^VEimi-i: -1-SH ^o^7l Al 7l ( 1 1 lO^ll Ai ^--t-SV ^ 7H 2l 
^^Ir-i- ^^tt'^f. -1,^71 ^Al-^- Al^-l-^ 7^.-fc ^11^ Aj-^-i. 7j#7l(1151)iS. <y?-l5lJl. -^0^71 AJ.2}.2£ 7j ^ 

7i(ii5i)fe -I)-?! ^Aitv -yair-i- 71-^-ii -a^ ^h^i-^i i^^tsi-i- ia^tbi^K «']7iAi, Aj-71 ^^^1 

■^•?b*3l-*?V ^^-^t^TT e?!r Sl^l^ ^_'g7l(1153)i^ °J^£li. 4'-7l Sl-Al^ ^^§71(1153)^ ^H'i^V O'ti^ 

^^l^-^l-s}- '-^SL '^?]tS.7} ^^1-1- Sl^d^ ^"^tl-^^. ^^71 3];5i^ 17^71(1153)^ 

-^■7] I'St!: d* -^>7l =S^A}7l(iilO)iS. siIs.«Kfeedback)?}-t:+. 

oi7)A-l. >'j}-7l £ 1221 ^Al 71(1150)21 5L 13* %S-M^ ^d'^t}7]S. 

^6^7] £ 13^ ^ '^j-'^Sl ^.A] ojHl tcf^ ,2ljp_ d-f^Sl- «j-Ajo^ ol f-A] Al^^E^o^ ^^7]oflA-l i3lS.«-^€ 

^chs: ^J-?}-£<Hl tcf^ --^^ 5p£i^-i- Ji£il-sl-c^ £Al*!- s-'jioici-. 

^^7] 13-?T ^iS^V-S, ^^-1 1210'tV7-iHlH l}-7l ^A]7l^ 4.Ai7is.-¥-E.i 2)^%= d, aH^^v 

O'fl'"!) ^^^^31-21- -^6'-S-£7l- S]±Z):°A ^'i.^^Sl- 7>7,1J1 A^A^ -^V Sjxliy: dl- ^AjSfjl 1 220^711 S ^ 

^t^M. ^^7] 1220^i-7lHlA-| AV7| -^Al7l^ ^'•7] ^.A^*i Sl^l^ d» 7f;'^lJlA-l ^ 5] ^ ^ mL ^'A^ Cf-^S}- 

-y>=a2l tfjE-ll. f^^21^«foi 44-&-i- ^^-^^tl ^- 1230^^11^ ^^-71 1230^-71H)A-1 ^V7l ^A]7|^ aV 

7l ^ Ell 21 ^31-^ l^^Sf ^"§21- A^A^I^ ^Al-^-i- 7^^ Al^^V ^S. -^Sjtl- ^ 1240^7llS. ?i 

«r?!-'^K ^,'-71 I240'a-7lIollA^ AJ.7] .^A]7lfe ^1-71 Al^^V ^-S. ^J^Sj-S ^ 71121 Al^^^ ^q-Zl- Sfl tg-gf ^ <?]:Eim2l IF 
FT^S. ^Sflcf. ttl7lAi, Aj.7l ^Al7l2l Zt-Z|-ol ^X^o]] CCf^ "7 2] ^ <^ A] ^Vy] £ yofl A-^ A^ ,^ 

-■^■^^■¥-«-2l -^^i^ -^^^I SV^cfl cfov sjxi^ d7l- ■^r^7]S.^E.] sl-^««€ ^l-§-^Vci.fe ^^Hl^i ^V'isf^lci-. 

(2) Al^^V-^2V==^ ^-^21 ^S. ^J-^1 

5. 4-C7 ^ ^^21 -^A] oJlofl rtj-s 3iji,-<-3}.>x« ^d-f^S}. «,VA]2l ol^jf-AlA)>;6j2l ^Al7l ^ol:!! 91^ S.^ 

Aj-71 5. 4-1- N7H21 Jf iJl-^al-l-f- -z^^ OFDM «o'-il 21 oI^^aU] -^ajsl 4^a171o1]a^ Fr'T-?-(418,420)» 
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^-^^ 21 



r=H • X+n 



r€- Nxl ^-A] Aj^ ane^ x-ir Nxi -y n-ar Nxi tfjE^ M-EfiflJI. Hfe sfl'd^ ^-4^ -§- 

1) ^zAloJ. Ell 1471- 17H'^^. 




^r^^i! 22 



r= 



I'll 



2 J 



X+ n 



^xl-.S. *fe z|- «H ^± ^-s^Ccomplex conjugate)^! s-l ■?!<:]• ^> «>1 cf. zis]jl.H i . H 

2 ^ *^<?>EflM-#4 ^-<J<?>Efli4 A|.6]ofl sfiT^s-Vfe sfl'^ai ^-3[^ -g-ig-sl cflz^ «J!S<=>1^. X i , X 2 



^o'-7l FFT^(418.420)S.-^E-| ^.aIa]^^ ^ 62j T^iEf-Ei^ ^^7] cff^^S 



X = 



^1-4! ^! 23 ' 



X , 



X, 



U" • n 



X 



X 



ir s] ^ A] ?H ^^'•^^ ^1 ^ ^-i <=>] 



S.S.. S. 6^ "^^^t: Sl^i7](612)fe- ^7] iE 8^ 818^?iHMi -^1-71 ^2 1- ■'^•71 #^-7loilA-1 ^s^^g 
'3}-o_5.Ai d-L^^ Sl^lAi^cf. >a-7l ^ ^§ sl?:l4- ^sBHfe ^ 3l?l^ ^ d7> A^^t^. 



71 ^ $^?!- St?i^ dfe Sl?i^ l^i7l(616Hl ^^i^T:+. ^^7] ^ ^1-71 H-BSl 810'a-^l<Hl^i 
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X j(k)= X 2( (k+d) mod N ), 0<k<N-l 



X ; = [ X^id)- X^{N-\) X^{0)- X,{d-\)] 



^^^fl OFDM tJ^ JE^'S- Si"^. 



0 •'. i i 

0 ... 0 K(0)f+|//j(0)f 

0 ■■. 0 

0 



m 

s{N-d-[) 
s{N-d) 

s(W-l) 



^7] ' 311- ^7] ^ I 7} 'SJJE^ S* S.^^i}lL Sl^iLS.. ^ch^l l- 1=1 t!" ^ "^j E^ ^ ' S] k 



X ,(k) =(|H,(k)|^+|H2(k)| = 

H-|H i((k+d)modA^ )| ^h-|H 2((k+d)modAr )| ^ ) s(k) 
= ?^w • s(k) 



o^7lAi. 0<k<N-l ojci-. 

^'--^I ^ ' 21- ^'••-'1 ' ^'■^l i£ 6^ 7l->47l(614)<Hl 7l-<fs]vH. ^1-71 7l-<4 21-^^^ ^^''^l Si 8^1 820^i-;<il ^11 >«-i ^ 

H ,((k+d)modN ) H2((k+d)modN ) ^ ^^^.^ c^^V. <-i-S[-6] i7><»lAi d 4 ^ 

•il-^^-l-^J- ^H'i'^l -^isL -^^oi £151.3. p^jsflji^iiS, H 1 (k)^ H,((k+d)modN) ^_ ^^^^ 
. H 2 H2((k+d)modN ) ^ ^^^j zlb]e.S. '^7] <^n^ 26>o\]^^ s(k)^ 2^Vs| ^i;7V 

27lj°J:0.is. ^AioVtllM-l 47fl Aj-^t!" ^I^Tl 1"^ ^-§-tl- OFDM yoi-^s^ o] .§..§.^1 a] 

01^01:51 ^ ^j^--^ cfolb^AlE^ 1%^7](424)* -f-*!! ^Jisl- 2)-'^* -tl^fe ^1-71 S. 82] 822'a7Jl<Hl>«.i ^3i^(Q 
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PSK/QAM ^'^}^7])(/[26)S] <^^o.^ ^fl-g-^cH 4 
t}7] <^-«h-il 27>«^1 4^ 



:^ 3f5goi ^i^ol^q-. >y-7l ^-^7l(426)«Hl s]^ 2)-^^ 



s(k)=arg 



min 
s(k) 



s(k) 



0<k<N-l 



s(k) 



2) --^-<il^]:Efluf7l-N R 7fl«y 



L 



i " 1 r 1" 1 



m«> 1 



'M:^^ ^'■71 <^*i^-! 23>sl ^^1 N R 7fl'?i-^ Disuj ^Efls. '^o1?Jt4. ^4- t^^J •J.HflM-^l-'^l^ ^A3. 



^ -^-^fe 2X2N R Sj cl.o|BlAlEl o]:^^ odfecl-. 



r-a^JrEim^l- 17H<?.1 ^-fal- ^^^r 



-AioVEflul.7>N ^ 7flol ^-^ ^-^<»1| Si<H ^ ^'^fil ^-^1 ^Aj^ £ 110)) ioiji a>Sl. 



^7l %3i-S\^. ^Hl-el(llOl)^ ^7) H 3S] FFT-¥-(418.420)S.^El ^l^Slfe- Aj^^V ^s. ^.j^o)] o^^fl 



11 



21 



Im 



2m ^ 



4V7I -«-^7fl2l Al-^^V -i-^ -^-^7ll-S-?-El ^S.^a'^*^ 4^ ^>t>7l (1104)5. 

M-S] ^S^^-gS ^^^^o] t-^^cf, AJ.7I 44-^ ^>47)(1104)°fl #^5lTr 1^3:^'^^ *^elS]-fe -^1^ -§-4^ ^ 

'i^'Id'il-Eimn sfufoi ygo.s^ ^^^^^ -A]e:{^t^. 



r=L O 1 
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«H ^'-f <H1S ^^7HlAi sfl^ -g. f-t!- >a-^iEo11 nl-51- Sl?i^# =^Al7l^O.^ 2]:=«Ji 

7]'^ o_S. ^ ^v,^ol Aj.^^ 5}olcK 



<57) -iJ-rSl '£UH 
1. 

<y^Slfe uHlojE^l- ^■lli7fl^s] ^"^Ir^^al-i-^ 7\y.]iL ^a^^ ^fJ- ^^^S. ^3it}JL. -^-7] ^sjjE ^ 

luff's]- ^J-SS- -^'m^S.] 7Vxlfe 51)^^ ^sll .^l^Slfe, ^21-4^ cf-f^Sl- 'i'-^M-fr ^)-§-5l- 

--^-M^l^flAH Ai^^v-i?.34^ ^s. jf^oii ^fv jf^sj. ;^j.sioi| o^oIa-]. 

( 

Aj-71 ^31-1- Ajlgif Aj-71 ^AV^ ^ruL ^31-^ cf^-^^ A],g^ Aj^^V ^S. ^.^o]] ^fl ^JlSf 

^-!^- ^Jr 51.71 -1- i«V^^ ^-^ o.^ -'6>7l ^v^i. 

2. 

^V7) -^^ 21 ^d^^ 7^^^SVi- Sl^li^ ^^^7151-. 

Aj.71 ii)3l^£H Xlfe ^31-^ -g-lh cff-Sl- "d^:^^* ^i-?! fr«: S^sfl SJ^aI^I^ 

SI ^7) -I- ^■^^±3. ^i-?! ^j-*). 

^•ill«<3-<Hl 5I<HH. 

^i^is;t<a-a- ^^i'^s. ^j-^i =8-^1. 

<y^El.fe clIolEll- ;mi7|j^Sl -?-«l-^2l-l-i- 7HJ1 2]a ^s^^ iM-^Sl- ^J'iS. ^7] ^si\-^ ^ 

cff-s^ ^l-ii- 2^401 ;<fl27il^s] iq-f^ 71-x]^ Afl^# -f-sll ^^--g^slfe. «o'-^# ^f-§-5l-fe 

'='l^-f-tl^l-'i^^2l #A17H1A^ A]^:7l.2-jf^^ ^^ ^:^6\] o^^V ^^^o]] SXo^A^^ 

>a-7l 3jJ7/ -^3}-^ Cf^SXg'S^ ^1-71 ^A}^ 3]iIL -^S]-^ C^-f^^ A]^^ ^-^ «.^_<:H| 2^ ^^_g^. 

-5V^, Aj-71 Al--§^7J. .a.^. Al^S. z|z^ol >a-7l A-lS Cf# ^ 7fi Oj-Eflq-l-g- f-efl #^5Vfe 31-^^ 

* 3L«-%'-a: ^-^i^.5L -5-V-ir ^o'-7l «oi->?3. 
5. 
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^^'^^ ei-ir ^^-71 ►Jj-'S. 
6. 

^ ^ ^1 ^ o.iS. ^V7l . 

^^«cF 7. 

°J^Slfe C-H-^ltm ^"^i-^afl-i: 7}7,]:^L ^31-^- cf^3^ Aj^g. ^^*1-ZL. 4^7] ^JR ^3)-^ ^ 

i^f'S}- ^d-ai- ^I27l]^a) cf^ 7V.xife- ^fl^-g- -f-sfl ^i^s]fe. ^uf^ cff'S)- «J-^-g- AV-g.*). 

oi^-f-AiAi^^s; ^^7loilA-i A]^^^i}-^3^^ ^s. .^j^oii o|^v ^J-jcioii 5icHAi, 

l-o)l cUsi) 31-:^ ^-Bjoii tM^tb ^ ^l^Ilr ^:i:'Hl sl^H 4:£Sl--eri-i^ ^i^^v 4-^2j.7is>j. 

^l2:<>11-fe- ^c}-7l ^fll7ll^S^- x)l 2 711^-1- 71-7.1 i Sl^^-fr I'gSl-Jl. «>l^<Hl-fe >y-7l ^*0:^3^%7^ 

Sl^^ ^^^7121-. 

^ ufoitHAiEi :ith7ii. x^^^ sVte ''6'-7l 

'Ht7«J-Hl Slol'^i. -Ih^l ^31--^ t:foliHAlEl ^^71 fe. 

^ch7l ^ 7H21 Ai-g-^^ M.^ 45:s^^ ^l-S* ^ sV^^ -a-ai- °J^s>:ii. '^'-71 <?je^^> Ai^,vv -g-^ ^s.^^ ^J'g^ -y- 
71 I'g^ Sl^l^ol] ^«fl ^ si^i^l^lfe ^ S1^7l<4, 

"6^71 7H^ AHX7J- 45isi.iel Aj^^. q.t>ixi Ai^7j. 4s:si-^e) ^-g-i- aj-7] ^ sl^i^g ^l^^v 
1-^ -^^:^€ 4^^^ 7].A].s-H^ 71.AV711- s^i-^^ Sr^^s. -s}^^ ^^7] ^v^l. 

oj^tlfe- cfloiE-ii- -7iii7H==;--fii Jf 7V7.1JZ ^-3H-- i^^sl- ^"is. ^^t}jL. ^^7] ^5^^- ^ 

^ cff^Sf ^d-i-S- ^is. cf-. ^- 7)12) oVEflufi-a: Af-g-sH Aj=^sH. ^J-71 oJrEflq-lroflA-i ^i^£)i^ ^ja ^-ii}-^ 

-tl-g* Zl-Zl-o) ^127H^2) Cff^ ^.^1- 7Wfe ;^li>^,i- f-Sll ^1^5)i.-. a) J2 ^3)-^ d-f'Sj. vjl-Al Af^s> 

^ oi^.f.AiAi^e^o) ^Ai7HiA.i Ai^^v-^3|-^ « J: o)i sit!" ^:t:sl- ^S-a-^l Si<HH. 

Ao»-7] A-i^ Cfa. ^ 711 2^ tlEllM-l- W-i- -l-Sll ^^S]^ xlja ^3)-^ -g.^ 4f^Sl- ^-gl-i- ^7] >Hll7ll^2l 

i-ofl cfl«ii ^Bi<Hi "s^^v ^ Ai:g.?v ^^ ^^6\] 

^ih7l Al^-^^ -Y-s: 4^5).^ - 7))o] -3).>. cf^s^ U'Ml-* "y^sl-:ii, ^V7i ^71121 ai^^v «. 
^'il-sl ^^7) ^111711^21 -^--il-^a}-!-?]: a^vsj-hs.^ sV^js]-. 

al2;«fl-& ^6l-7l Afll7))^5il- 7|27ll^-l- 71-xlJi S\^d^^ ^^^5>^. ^l^-^fl-^r ^l-7l 7^#t!: •f-'^i^^hl-^V ^^^Sl: 
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-i- SD-^-i: ^^o^S. ^>7l 'iVJi. 
10. 
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IFFT 
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IFFT 



RF/IF 



• \90 
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5/ 




s = 



QPSK/QAMf 



s(0) 



IFFT 



'22- 
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FFT 



mm 








mm 





QPSK/QAM 




^nf4^ QOIbHAIEJ 



Z 







A' 




L 










^ 2 _ 





^2(A:) = ^((A: + £/)mod A^) 





1^ vsaAta 


-aiElx, = ej^ alias 






[X, xj- 


x, x, 




.-x; x;_ 





2| e^aiusi iFFTBo^ 
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51 "38 
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d = 


N 
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1 


r 


E|°| 




¥£101 
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El x,2J 


x;m ch 






.?,(*) + 


.?,'(*) 
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AM 



T 



2$ IHy^^ OejKH' 



I 



d gJ^ ajag 
A'J(A)=5({^-^-^!')mod A^) 



E 









VSSJAIU 


-tHI 




aiEi s 






_BJI 




^EH s£| 















2,^ oveiiLFoi |FFTEf^^°i 



Oth Subcarrier i | 
10th Subcarrier ' ! 
200th Subcarrier j ' 
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